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57 ABSTRACT 
A hot-gas reciprocating engine whose shaft is coupled 
to the combustion air fan via sucessively a variable 
transmission, constructed as a slip coupling whose de 
gree of slip is inversely proportional to the temperature 
of the heater, and a fixed transmission. 

3 Claims, 2 Drawing Figures 
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1. 

HOT-GAS RECIPROCATING ENGINE HAVING 
CONTROLLED COUPLNG OF A COMBUSTO 

AIR FAN . 

The invention relates to a hot-gas reciprocating en 
gine comprising at least one working space in which a 
working medium performs a thermodynamic cycle, 
heat originating from a burner device being applied to 
the working medium via a heater, the engine further 
comprising a fan which is coupled to a shaft of the 
engine and which serves to supply combustion air to the 
burner device A variable transmission couples the fan to 
the engine shaft. The transmission has an input shaft 
which is coupled to the engine shaft and an output shaft 
which is coupled to the fan shaft, the transmission ratio 
of the variable transmission being influenced by a con 
trol signal which represents an engine parameter. 
A hot-gas reciprocating engine of the kind set forth in 

known from the Dutch patent application No. 661 1690 
laid open to public inspection, to which U.S. Pat. No. 
3,399,526 corresponds. 

In the known hot-gas reciprocating engine a rigid and 
a slidable conical pulley are provided on the input shaft 
as well as on the output shaft of the variable transmis 
sion, the pulleys of the two shafts being coupled by a 
belt. The transmission ratio of this pulley/belt transmis 
sion is determined by the engine speed as well as by the 
mean working medium pressure prevailing in the en 
glne. 

This construction has a drawback in that only com 
paratively small transmission ratios are feasible, because 
slip of the belt with respect to the conical pulley occurs 
beyond a given belt speed. In order to obtain the desired 
large quantity of combustion air for comparatively high 
powers, special structural steps can be taken to prevent 
the slip. However, the construction will then be heavey, 
large and expensive. 

Moreover, the control of the applied quantity of com 
bustion air depending on the engine speed and the mean 
working medium pressure is incomplete in that the 
heater temperature is not taken into account. When the 
output power of the engine is reduced by a decrease of 
the working medium pressure level in the engine, the 
reduction of the quantity of combustion air applied lags 
the pressure reduction due to the inertia of the combus 
tion air control system. The temperature of the heater 
can thus rise to an impermissable level. In order to 
prevent excessive temperature, additional steps must be 
taken to reduce the applied quantity of combustion air 
(and fuel) directly in reaction to the heater temperature, 
for example, by means of a choke valve in the combus 
tion air inlet of the burner device. 
The invention has for its object to provide an in 

proved hot-gas reciprocating engine of the kind set 
forth, in which the desired quantity of combustion air is 
always applied in a simple and reliable manner from the 
lowest to the desired high fan speed, without risk of 
overheating of the heater. 
According to the invention a transmission having a 

fixed transmission ratio is provided between the output 
shaft the fan shaft, the variable transmission being con 
structed as a slip coupling, the degree of slip thereof 
being inversely proportional to the heater temperature, 
detected by a temperature sensor, as the engine parame 
ter. The temperature sensor may be, for example, a 
measuring instrument which comprises a thermocouple 
and which varies the supply of combustion air if the 
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2 
heater temperature deviates from the desired value due 
to variations of the engine power. 

In a preferred embodiment of the hot-gas reciprocat 
ing engine in accordance with the invention the slip 
coupling, constructed as a spring-loaded plate coupling, 
is controlled by means of a pressurized medium in a 
duct system, the temperature sensor actuating a pres 
sure control member included in the duct system in 
order to control the medium control pressure. 
The pressurized medium may be a liquid or a gas. 
The duct system preferably forms part of the lubricat 

ing oil system of the engine, so that existing pressurized 
media are utilized to good advantage. 
The invention will be described in detail hereinafter 

with reference to the drawing which is diagrammatic 
and not to scale. 
FIG. 1 is a longitudinal sectional view of a hot-gas 

engine whose crank shaft is coupled to the shaft of a 
combustion air fan via a slip coupling which is influ 
enced by a control signal originating from a heater 
temperature sensor, and also via a transmission having a 
fixed transmission ratio. 
FIG. 2 is a longitudinal sectional view of one half of 

an embodiment of a slip coupling and an embodiment of 
a control system for this coupling. 
The reference 1 in FIG. 1 denotes a cylinder of a 

hot-gas reciprocating engine in which a displacer 2 and 
a piston 3 can reciprocate at a phase difference with 
respect to each other. The piston 3 comprises two pis 
ton rods 4, each of which is connected to a crank 5 of a 
crank shaft 6. A displacer rod 7, connected to the dis 
placer 2 and passed through the piston, is connected to 
a crank 28 of the crank shaft 6. 
The upper end of the cylinder 1 is formed by a cylin 

der head 8. The compression space 9 communicates 
with the expansion space 10 of the engine via a cooler 
11, a regenerator 12, a set of heater pipes 13, communi 
cating with an annular duct 14, and a set of pipes 15 
which extend between the annular duct and the expan 
sion space 10. The heater pipes enclose a combustion 
space in which a burner 16 is arranged to which fuel oil 
is applied in a manner not shown, for example by 
means of a pumping device and a control valve which 
is arranged in front of the burner 16 and which is oper 
ated by a control signal derived from the heater temper 
ature. Around the combustion space there is provided a 
heat exchanger 17 to which combustion air is applied by 
means of a fan 18 and which the combustion gases are 
discharged. The crank shaft 6 is coupled to the input 
shaft 19 of a slip coupling 20 which is shown schemati 
cally and whose output shaft 21 is coupled, via a trans 
mission 22 having a fixed transmission ratio, for example 
1:5, to the fan shaft 23. The transmission 22 is preferably 
a belt/pulley transmission which, because no variable 
pulleys are required, can be readily constructed to be 
slip-free. Obviously, other transmissions are also feasi 
ble; for example, a gearwheel transmission which, how 
ever, has the drawback that it produces noise. 
The annular duct 14 of the heater 13, 14, 15 includes 

a temperature sensor 24, for example, a thermocouple 
which supplies an electrical signal which represents the 
actual heater temperature. When this signal is compared 
with a constant electrical signal which corresponds to 
the desired heater temperature, a positive or negative 
difference signal is obtained which is applied, possibly 
after amplification in an electronic differential amplifier, 
to a control system 25 which in its turn controls the 
degree of slip of the slip coupling 20. FIG. 2 yet to be 
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described shows an embodiment of the control system 
25 and also an embodiment of the slip coupling 20. 
The assembly is constructed so that, when the heater 

temperature rises higher than the desired value (which 
occurs in the case of a sudden reduction of the engine 
power by a reduction of the mean working medium 
pressure in the engine and/or by a reduction of the 
engine speed), the slip coupling 20 starts to slip more, so 
that the overall transmission ratio between the crank 
shaft 6 and the fan shaft 23 decreases. The fan 18 then 
starts to rotate at a lower speed, thus delivering less 
combustion air. Obviously, the quantity of fuel applied 
to the burner 16 is reduced at the same time. Con 
versely, should the heater temperature tend to decrease 
below the desired value, less slip of the slip coupling 20 
occurs and the fan 18 starts to rotate at a higher speed, 
so that more combustion air is delivered. Moreover, the 
fuel control system at the same time starts to supply 
more fuel. 
'The embodiment of the control system 25 of FIG. 1 

which is shown in FIG. 2 comprises a reservoir 30 
containing oil 31. An oil pump 32 pumps oil from the 
reservoir 30 through a duct 33, from which the oil re 
turns to the reservoir 30 again. An auxiliary duct 34 
includes a spring-loaded non-return valve 35. The non 
return valve 35 keeps the oil pressure on the delivery 
side of the oil pump 32 constant. The duct 33 has con 
nected to it a branch duct 36 which includes a restric 
tion 37 which limits the oil flow through the duct 36 in 
order to prevent reduction of the oil pressure in the duct 
33 to a dangerous level. The branch duct 36 is con 
nected to an embodiment of the slip coupling 20 of FIG. 
1 and to a return duct 38 which opens into the reservoir 
30. The return duct 38 includes a control valve 39 
which is controlled by the difference signal originating 
from the temperature sensor (FIG. 1). When the heater 
temperature increases, the passage of the control valve 
39 is reduced, so that oil pressure in the branch duct 36 
increases; while in the event of decreasing heater tem 
perature, the control valve is opened further, so that the 
oil pressure level in the branch duct 36 decreases. 
The embodiment of the slip coupling 20 comprises a 

rotating housing 40 which is coupled to the fixed trans 
mission 22 (FIG. 1) and an input shaft 41 which is cou 
pled to the crank shaft 6 (FIG. 1). The branch duct 36 
is connected to a duct 42 in the input shaft 41. Because 
the slip coupling is rotation-symmetrical, except for the 
duct 42, only the portion above the center line X-X, 
which is the rotary axis of the shaft 41 and the housing 
40, is shown. 
The shaft 41 has an even number of plates 43 which 

rotate as the shaft rotates, but which are slidable axially 
a small amount with respect to the shaft. 
The housing 40 has an odd number of internal plates 

44 which rotate as the housing rotates, and are also 
slidable axially a small amount with respect to the hous 
ing. The plates 44 are provided on both sides with fric 
tion material 44a. 
The duct 42 in the shaft 41 communicates with an 

annular chamber 45 formed by the shaft 41 and a pres 
sure plate 46. Via the branch duct 36 oil originating 
from the control system 25 can be applied to this cham 
ber. An outer annular space 47 between the shaft 41 and 
the plate 46 accommodates a compression spring 48 
which exerts an axial force on the assembly formed by 
the plate 46 and the plates 43 and 44 pressing the plate 
43 against the friction linings 44a of the plates 44. The 
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4. 
pressurized oil in the chamber 45 exerts a force oppos 
ing the axial force of the spring 48. 
When the heater temperature has been adjusted to the 

desired value, the interaction between the compression 
spring 48 and the oil in the chamber 45 is such that a 
given slip exists between the rotating plates 43 and 44, 
which corresponds to a given transmission ratio of the 
slip coupling. 

If the heater temperature starts to increase because 
the engine power to be delivered decreases, the temper 
ature sensor 24 causes the control valve 39 to be closed 
further, with the result that the oil pressure in the 
branch duct 36 and hence in the chamber 45 increases. 
The surface pressure between the plates 43 and 44 de 
creases, with the result that the coupling can transmit 
less power and the slip between the plates 43 and 44 
increases. Consequently, the transmission ratio of the 
slip coupling decreases. The ultimate result is that the 
speed of the fan 18 (FIG. 1) decreases, so that less com 
bustion air and, obviously, less fuel is applied to the 
engine. 

Conversely, if the heater temperature tends to de 
crease below the desired temperature, due to an in 
crease in the required engine power, the control valve 
39 is opened further by the temperature sensor 24. An 
oil pressure drop then occurs in the branch duct 36 and 
hence in the chamber 45. The axial force caused by the 
spring loading then starts to prevail, and the surface 
pressure between the plates 43 and 44 increases, so that 
the slip coupling can transmit more power and the slip 
between the plates 43 and 44 decreases. The fan speed 
then increases and more combustion air is applied to the 
engine. 
At the maximum quantity of combustion air or fuel 

required, the plates 43 and 44 are fully coupled and the 
transmission ratio of the slip coupling is 1 : 1. At smaller 
quantities of combustion air or fuel, the transmission 
ratio is 1 : x, where x < 1. 

In order to dissipate the released friction heat, 
grooves can be provided in the plates 43. Cooling me 
dium can circulate through these grooves and the un 
used spaces formed by the shaft 41 and the housing 40. 
This is not shown in the drawing for the sake of simplic 
ity. 

Preferably, use is made as much as possible of auxilia 
ries already present. To this end, the crank case of the 
hot-gas reciprocating engine can be used as the reser 
voir 30 of the control system 25, while the duct 33 with 
the pump 32 can be port of the lubricating oil system in 
which the engine parts to be lubricated are denoted 
together by the reference 48. Moreover, the slip cou 
pling can be cooled by using lubricating oil as the cool 
ing medium. To accomplish this, a branch duct 49 is 
connected to the duct 33, and oil is passed through the 
slip coupling, denoted by the reference 20', and is subse 
quently returned to the reservoir 30. In order to limit 
this oil flow, a restriction 51 is included in the duct 49. 
What is claimed is: 
1. A hot-gas reciprocating engine, comprising at least 

one working space in which a working medium per 
forms a thermodynamic cycle, a burner device, a heater 
for applying heat from the burner to the working me 
dium, a fan on a fan shaft for applying combustion air to 
the burner device, and a variable transmission coupling 
a shaft of the engine to the fan, the transmission includ 
ing an input shaft coupled to the engine shaft and an 
output shaft coupled to the fan shaft, the transmission 
ratio of said variable transmission being influenced by a 
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control signal which represents an engine parameter, 
wherein between the output shaft to the variable trans 
mission and the fan shaft a transmission having a fixed 
transmission ratio is coupled, the variable transmission 
is constructed as a slip coupling, and the engine com 
prises means for maintaining the degree of slip of the 
slip coupling inversely proportional to the heater tem 
perature, said means including a temperature sensor for 
sensing temperature as the engine parameter. 
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2. A hot-gas reciprocating engine as claimed in claim 

1, wherein the slip coupling is constructed as a spring 
loaded plate coupling and said means comprises a pres 
surized medium in a duct system for controlling slip 
coupling pressure, the temperature sensor actuating a 
pressure control member included in the duct system in 
order to control the medium control pressure. 

3. A hot-gas reciprocating engine as claimed in claim 
2, wherein the duct system forms part of a lubricating 
oil system of the engine. 
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